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We, Jambs A&texjr Petebs, Bichakd 
Chabjcbs Bird and Haiiold Gbahamb 
Pttttiok, all British Subjects, all of 
Bichborough Works, Sandwich., Kent, do 

5 hereby declare the invention, for which, 
we pray that a patent may be granted to 
us, and the method by which it is to be 
performed, to be particularly described 
in and by the following statement: — 

10 This invention relates to apparatus for 
generating electricity and particularly ^to ■ 
that tvpe of apparatus in which, when 
there is no call for electricity the genera- 
tor is at rest, but is started as soon as 

15 such call occurs and is again stopped when 
the „ demand for electricity ceases. 

.In apparatus of the above particular 
type, tnere is usually provided a source* 
of direct current connected in (series with 
.20 the winding of a. main controlling relay 
and the load circuit. This main control- 
ling relay, when operated as the result of 
the operation of a switch to connect a 
consuming device (lamp or other device) 

25 to the load circuit brings about the start- 
ing of an internal combustion engine to 
drive a generator, usually an alternator. 
When the generator is supplying power to 
the. load circuit, the direct current from 

M the source of such is cut out and the main 
controlling relay is held operated hy cur- 
rent derived from that flowing from the 
generator. to the load circuit, so that the 
main controlling relay now depends, for 

yf> its continued operation, upon such flow 
of current in the load circuit, that is, 
ultimately, upon there beincr a consum- 
ing device connected to the load circuit. 
As soon , as all consuming devices are 

40 switched off, and consequentlyno current 
from the generator is flowing in the load 
circuit;; the, main controlling relay is de- 
energised and released, thereby bringing 
about the stopping of the internal com- 

45 bustion engine. Apparatus as described in 
this paragraph is apparatus of the type 
referred to " when that phrase is used 
herein. 

The present invention relates particu- 
. [Price 2/8] 



larly to an improved circuit arrangement, 50 
controlled mainly or in part by the main 
controlling relay, for respectively start- 
ing ^nd. stopping the- internal combustion 
engine, the improvement being directed, 
in general, to ensuring that the time that 55 
current is applied to the engine starting 
device is automatically determined, that 
(and this is particularly important if the 
internal combustion engine is a diesei 
engine) the engine stopping device shall 60 
be operated for a sufficiently long time 
to ensure- stopping in spite of the fact - 
that the engine is hot and might, if the 
stopping device were released- too soon, 
start up again, and -that if after all con- 65 
suming devices have been switched off - 
fand stopping conditions have been 
thereby initiated), it will ndt be necessary 
for the stopping cycle to be completed 
before current is again supplied to the 70 
load circuity 

According to a principal feature of this 
invention, apparatus of the typ& referred 
to includes a first normally-closed contact 
of the main controlling relay in series with 76 
a condenser and with the source of direct 
current, and a normally-open contact of 
the main controlling relay in series with 
an engine Starting relay connected across 
said first condenser. 80 

According to another principal feature 
of the invention apparatus of the type 
referred to includes a first normally-open 
contact of a contactor device (whose wind- 
ing is connected across the generator) in 85 
series with a condenser, and a second 
normally-closed contact of the main con- 
trolling relay in series with an engine 
stopping relay connected across said 
second condenser. 90 
. In apparatus embodying both said nrin- 
cipal features of the invention, a pair of 
normally open contacts of said engine 
stopping relay, or preferably, of said con- 
tactor device may be connected across said 95 
first condenser thereby to prevent charg- 
ing of said first condenser during the 
engine stopping oycle, 
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In apparatus embodying' either or both 
of the said principal features, in which 
the generator is an alternator, there may 
be connected in series with the load cir- 

5 cuit at a position in which current flows 
from said generator only when a consum- 
ing device is switched in, a saturated 
choke across which is connected the wind- 
ing of the main controlling relay in series 

10 with a rectifier. 

A circuit according to the invention is 
illustrated in the accompanying drawing; 
In the circuit illustrated, a source of 
direct current (not shown) has one of its 

15 terminals, as shown the positive terminal, 
connected to a £rst terminal LI of the 
load circuit (not shown) through a nor- 
mally-closed contact t2 of a contactor 
device .and its other terminal ( — ) con- 

20 nected to the other terminal L2 of the load 
circuit through the winding of a main 
controlling relay A and a rectifier R. An 
alternating current generator G has one 
terminal gl connected through normally- 

25 open power contacts tpl of said contactor 
device, to said one terminal LI of the 
load circuit and its other terminal g2 con- 
nected, through other "normally - open 
power contacts tpQ of said contactor 

30 device and a saturated choke Ch in series 
with each other, to the said other terminal 
L2 of the load circuit. The -core of choke 
Oh should be of one of the ferro-mag- 
netic alloys which are saturable by a very 

35 small, current. The said other terminal g2 
of the alternating current generator is 
connected to the said other terminal (-) 
of the source of direct current. A con- 
tactor-operating solenoid T hi connected 

40 across the terminals of the alternator. 
There is also connected from said- one 
terminal of the source of direct current to 
the other terminal of said source a circuit 
comprising a first resistor R-l in series 

45 with a normally-closed contact #1 of the 
main controlling, relay A in series with 
three circuit elements,- namely (1) a nor- 
mally-open contact e£ of an engine stop- 
ping relay or, preferably t3 of the con- 

50 tactor device, (2) a first condenser CI, and 
(3) a normally -open contact a2 of the 
main controlling relay A in series with 
the winding of an engine starting relay 
1>, these last three circuit elements Tieing 

55 connected in parallel with each other.. 
There is further connected from 6aid 
one. terminal of the source of direct cur- 
rent to the other terminal of said course 
a circuit comprising a second resistor R2 

60 in series with a normally-open contact tl 
of the contactor in series with two circuit 
elements, namely (1) a second condenser 
C2, and (2) a normally-closed contact aZ 
of the" mam controlling relay in series 

65 with the winding of an engine stopping 



relay these last two circuit elements 
being in parallel with each other. 

The engine starting relay D has a nor- 
mally-open contact d connected in series 
with an engine starting solenoid, these 70 
two elements being connected to opposite 
terminals of the source of direct current. 
The engine stopping relay E has a nor- 
mally-open contact connected in series 
with! a &el rack shut-off solenoid, or other 75 
stopping device, these two elements being 
likewise connected to opposite terminals 
of the source of direct current. 

The operation of the system according 
to our invention is as follows : Condenser 80 
CI is held charged by reason of its being 
connected in series with resistor Rl and 
normally-closed contacts al of the main 
controlling relay A across, the terminals 
of the source of direct current. When a 85 
consuming device switch (not shown) in 
the load circuit is closed, current flows 
from the source of direct current, through 
the contact *2, the switch and consuming 
device, rectifier R, and the main control- 00 
ling relay A, and back to the source. The 
main controlling relay A thereupon oper- 
ates and at contact, al opens the charging 
circuit of condenser CI, and at contact 
a2 closes a. discharging circuit through 95 
the winding of the engine starting relay 
D. The engine starting relay closes its 
contacts d thereby energising the engine 
starting solenoid. The capacity of the 
condenser . and the impedance of the 100 
engine starting relay together determines 
the duration of time that the engine start- 
ing solenoid shall be energised. 

When the engine has been started and 
the alternator is being driven, current 105 
flows from the alternator through the 
winding T of the contactor device so that 
the contactor device energises and oper- 
ates its contacts. Of these contacts tpl and 
tpQ connect the alternator G to the load 110 
circuit (in series with which it will be 
recalled, there is connected a saturated 
choke ah), whilst contacts t2 of the con- 
tactor device open the circuit from the 
source of direct current to the load circuit, 115 
and contacts tl close a charging circuit 
through resistor R2 to condenser C2. The 
disconnection of the source of direct cur- 
rent from the load circuit deprives the 
main control relay A of current from this 120 
source; this relay however, receives cur- 
Tent due to the drop of potential across 
the saturated choke ch so that, as long as 
the alternator is supplying current to the 
load, the main control relay remains oper- 125 
ated, the holding current remaining sub- 
stantially constant irrespectively of the 
load current.. 

When all current-consuming devices 
have been switched out, and consequently 130 
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no current is flowing in tlie load circuit, 
the main controlling relay A de-energises, 
and prepares a discharge circuit for con- 
denser 02 in series with the engine stop-; 
5 ping relay E. However, condenser 02 does 
not discharge through the winding of the 
engine stopping relay until the speed of 
the alternator falls so low that the con- 
tactor-operating solenoid T receives in- 

10 sufficient current to maintain it operated. 
Until the contactor de-energises, the 
seoond condenser remains connected, by 
contact tlj across the source, of direct cur- 
rent so that it is continually under charg- 

15 ing conditions, and the contactor main- 
tains a circuit for the engine stopping 
relay E so that the engine stopping relay 
is in fact energised from the source of 
direct current. When the speed of the 

20 alternator & falls so low that the contactor 

■ winding is de-energised, condenser C2 is 
disconnected from the direct current 
source and is thus able to discharge 
through the engine stopping relay. The 

25 total time of energisation of the engine 
stopping relay is -thus the sum of the time 
tthat .the contactor-operating solenoid T 
remains energised and the time that con- 
denser 02 takes to discharge. Thus the 

30 engine stopping relay is not directly 
dependent on the charge in condenser 02 
for # energisation, since contact tl of the 
main contaotor device remains closed for 
a considerable part of the running-down 

35 time of the engine and therefore the 
engine stopping relay is directly operated . 
from the source of direct, current con- 

- denser 02 having only a much snorter 
remaining time to hoid the engine stop- 

40 ping relay energised. This arrangement 
has an important advantage, in that the 
size of condenser 02 is brought within 
practicable limits in spite of the consider- 
able .time required (especially in the case 

45 of diesel engines] for the engine speed to 
become too low tor the engine to restart. 
It has also another important advantage 
which, so far as we are aware, cannot be 
obtained in any other way, viz. : It may 

50 be that within a few seconds of all load 
being switched off,, the same or another 
consuming, device is required to be 
switched on. By any. other method than 
that described above the full cycle of 

55 stopping operations would have to tate 
place so that the engine could not start 
again till the full- shut-ofi period had 

■ elaj>secL By our method of operation the 
engine stopping relay E is disconnected 

GO by contact a3 of the main controlling 
relay A immediately a consuming device 
is switched on a^ain, and . the engine 
starting relay D is prevented from func- 
tioning by virtue of, condenser 01 having 

Go been short circuited by. contacts e% on the 



engine stopping relay E> or W of the con- 
tactor device. The^ engine thus starts 
again immediately by its own momentum! 

. It has been indicated above, that it is 
preferred to connect a contact t3 of the 70 
contactor', rather than a contact &2 of 
relay E, across the elements 01 and a2 in 
series with D. The function remains the 
same, i.e. it prevents- charging of the first 
condenser during the engine stopping 75 
cycle, because due to the inherent charac- 
teristics of its magnetic circuit the con- 
tactor does not fall out until the engine 
has almost come to rest. In that respect 
the contact £3 behaves in the same way as 80 
does contact e2. It provides, however, one 
important advantage as follows. 

The charge on condenser 01 holds start- 
ing relay D energised for a period depen- 
dent upon the characteristics of the con- 85 
denser and of the winding of relay D. 
This period cannot readily be varied in 
use of the apparatus, and it must there- 
fore be of sufficient "deration to ensure that 
the engine shall start under the worst 90 
possible conditions, This is usually about 
ten seconds. However; if the engine is hot 
it can be expected to . start within one 
second," And may indeed be capable of 
starting itself. On many occasions, there- 95 
fore, tie engine may be turned over either 
unnecessarily or for unnecessarily long 
periods. This is not good for the engine 
and unnecessarily drains the battery, par- 
ticularly with a plant which is required to 100 
be continually started and stopped. 

It is therefore desirable that some means 
be provided for varying the starting-time- 
oycie, making it short when the engine is 
hot and long when conditions are adverse. 105 
In all ordinary circumstances this would 
call for elaborate thermal relays. 

The use of a contact, contact £3, on the 
contactor device, in place of a contact, 
contact e2> in relay E provides exactly 1 \Q 
what is required with no additional com- " 
plications. . 

The operation will be understood from 
the following. The characteristics of the 
contactor device are such that although H5 
(on a 230 volt plant) it is rated for 230 
volts 50 cycles per second it will if the 
number of cycles he .as low as ten per 
seoond pull in at a very low voltage, say 
at 90 volts. Kow, in an engine which is 120 
run up to speed by the starter- motor the 
c/s rise from zero to 50 more or less in 
roportion to the rise in voltage, so. that 
ue to the low periodicity the oontactor 
will pull in quite jearly . The time at which 125 
this pulling-in occurs is obviously a 
function of the speed at which the engine 
is" motored up. 

If the engine is cold, or if for any reason 
the speed of the motor remains low, the 3,30 
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contactor- would not pull-in during motor- 
ing, the voltage and e/s of the generator 
hein^jfcoo low. . Contact tZ would therefore 
remain open and the starting relay D 
6 would he held operated for the full period 
of ten seconds, . as determined by the 
capacity and characteristics of condenser 
cl and of relay D. 

. If ,:on the contrary, the engine were hot 
10 the speed would rise quickly to provide an 
alternator potential say 90 volts at 15 c/s 
the contactor would pull in within a second 
or * so, condenser cl would be short cir- 
cuited and the start time -cycle would be 
15 cancelled or reduced. 

- It will therefore be seen that the use 
of contact *3 in this circuit provides an 
automatic; variable time delay to the start 
circuit which is directly related to the 
20 external conditions affecting the starting 
of the engine. 
. What we claim is 

. 1; Apparatus of the type referred to in- 
. eluding a first normaHy«elosed contact of 
25 the main controlling relay in series with 
a condenser and with the source of direct 
current, and a normally-open contact of 
the main controlling relay in series with 
an engine starting relay connected across 
30 said condenser. 

2. Apparatus of the type referred to 
including a first normally-open contact of 
a contactor device whose winding is con- 
. nected across the generator, in series with 



a condenser, and a second normally-closed 35 
contact of the main controlling relay in 
series with an engine stopping relay con- 
nected across said second condenser. 

3. Apparatus according to claims 1 and 

2 having a pair of normally-open contacts 40 
of said engine stopping relay connected 
across the condenser mentioned in claim 1 
thereby to prevent charging of said first 
condenser during the engine stopping 
cycle. a u 45 

4. Apparatus according to claims 1 and 
2 haying a pair of normally open contacts 
of said contactor device connected across 
the condenser mentioned in claim 1 there- 
by to prevent charging of said condenser 50 
during the engine stopping cycle. 

5. Apparatus according to any of the 
preceding claims in whicli the generator 
ib an alternator having connected in series 
with the load circuit at a position in which 55 
current flows from said generator only 
when a consuming device is switched in, a 
saturated choke across which is connected 
the winding of the main controlling relay 

in series with -a rectifier. 60 

6. Apparatus of the type referred to sub- 
stantially as described and illustrated in 
the accompanying drawings. 

CAEPMAMfS & RA^SFORD. 
Agents for Applicants, 
24, Southampton Buildings, 
Chancery Lane, London, W.TJ.2. 
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We, James Aaxjuuu Peters, Richabd 
65 Chmles Bibj) and Harold G-rahame 
Puttick, all British Subjects, all of 
Richborough Works, Sandwich, Kent, do 
hereby declare this invention to be des- 
cribed in the following statement: — 

This invention relates to apparatus for 
generating electricity and particularly to 
that type of apparatus in which, when 
there is no call for electricity the genera- 
tor is at rest, but is started as soon as such 
75 call occurs and is again stopped when the 
demand for electricity ceases. 

In apparatus of the above particular 
type, there is usually provided a source of 
direct current connected in series with the 
80 winding of a main controlling relay and 
the load circuit. This main controlling 
relay, when operated as the result of the 
operation of a switch to connect a consum- 
ing device (lamp or other device) to the 
85 load circuit brings about the starting- of 
an internal, combustion engine to drive a 
generator, usually analternator. When the 
generator is supplying power to the load 
circuit, the direct current from the source 
90 of such is cut out and the" main controlling 
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relay is held operated by current derived 
from that flowing from the generator to 
the load circuit, so that the main control- 
ling relay now depends, for its continued 
operation, upon such flow of current in 95 
the load circuit, that is, ultimately upon 
there being a consuming device connected 
to the. load circuit. - As soon as all con- 
suming devices are switched off, and con- 
sequently no current from the generator 100 
is flowing in the load circuit, the main 
controlling relay is de-energised and 
released, thereby bringing about the stop- 
ping of the internal combustion engine. 

The present invention relates particu- 10*5 
larlv to an improved circuit arrangement, 
controlled mainly or in part by the main 
controlling relay, for respectively start- 
ing and stopping the internal combustion 
engine, the improvement being directed, 110 
in general, to ensuring that the time that 
current is applied to the engine starting 
device is automatically determined, that 
(and this is particularly important if the 
internal combustion engine is a diesel 115 
engine) the engine stopping device shall 
be operated for a sufficiently long time to 
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ensure stopping' in spite of the fact tha"t 
the engine is hot and might, if the-stop- 
ping device were released too soon, ■ start 
up again, and that if after all consuming 

5 devices, have been switched off (and stop- 
ping conditions have been thereby initi- 
ated) it will nqt be ; necessary for the stop- 
ping cycle to. be completed before, current 
is again, supplied to "the load circuit-. 

10 According to a principal .feature of this 
invention, apparatus of the type referred 
to includes a, first normally-closed contact 
of t]ie main controlling, relay in series 
with a first condenser and with the source 

15 of direct' current, and a normally-Open 
contact of the main. controlling relay in 
series with an engine starting relay con- 
nected across said first condenser. 
According, to another principal feature 

30 of the invention apparatus of the. type 
referred to includes a first normally-open 
contact of a. contactor device (whose wind- 
ing is connected across the generator) in 
series with a second condenser, and a 

25 second normally-closed contact of the 
main controlling relay in series with an 
engine stopping relay connected across, 
said second, condensed. 
In apparatus embodying, both said prin- 

30 cipal features of the invention, a pair of 
normally-open contacts of. said engine 
stopping relav may - be connected across 
said, first condenser thereby . to prevent 
charging, of said first condenser during 

35 the engine stopping cycle. 

In apparatus embodying either or both 
of the said principal features, in which- 
the generator is an alternator, there may 
be connected in series with the load circuit 

40 at. a position in which current flows only 
when a cansuming device is switched in, 
a pre-saturated choke across which is con- 
nected the winding of the main control- 
ling relay in, series with a rectifier. 

45 In a circuit according to the invention, 
a source of direct current has one of its 
terminals connected to a first terminal of 
the load circuit through a normally-closed 
contact of a contactor device and its other 

50 terminal connected to the other terminal 
of the load circuit through the winding 
of a main controlling relay and a rectifier. 
An alternating current generator has one 
terminal connected through noTmally-open 

55 contacts of said contactor device to said 
one terminal of the load circuit and its 
other terminal connected through other 
normally-open contacts of said contactor 
device and a pre-saturated choke in series 

60 with each other to the said other terminal 
of the load circuit. The said other ter- 
minal of the alternating current generator 
is conneoted to the said other terminal of 
the source of direct current. A contactor- 

65 operating solenoid is conneoted across the 



terminals of the alternator." 

There is also connected from said one 
terminal of the source of direct current to 
the other terminal of said source, a circuit 
comprising a first resistor in series with a 70 
normallyrclosed. contact of the main con- 
trolling relay in series with three circuit 
elements, namely (1) a normally-open con-, 
tact of an engine stopping relay (2) a 
first condenser, and. (3) a normally-open 75 
contact of the main controlling, relay in 
series with the winding of an engine 
starting relay, these last three circuit ele- 
ments being connected in parallel with 
each other*. - 80 

There is further connected, from said 
one terminal of the source of; direct cur- 
rent to the other terminal of said source, 
a circuit comprising a second resistor in 
series with a normally-open contact of the 85- 
contactor in- series with two circuit 
elements, namely (1) a second condenser, 
and (2) a normally-closed contact of the 
main controlling relay in series with the 
winding of an engine stopping relay, these 90 
last two circuit elements being in parallel 
with each other. . 

The engine starting relay has a nor- 
mally open contact connected in series 
with an engine starting solenoid, these two 95 
elements being connected to opposite ter- 
minals of thp source of direct current. 
The engine stopping relay has a pair of 
normally-open contacts connected with a 
fuel rack shut-off solenoid, or other stop- i00 
ping device, these two elements being 
likewise, connected to opposite terminals 
of the source of direct current. 

The operation of the system according 
to our invention is as follows The first 105 
mentioned condenser ie held charged by 
reason of its being connected in series 
with the resistor and normally-closed con- 
tact of the main controlling relay across 
the terminals of the source of direct cur- no 
rent. When a consuming-device switch in 
the load circuit is closed, current flows- 
from the source of direct current, through 
the rectifier and the main controlling 
relay through the switch and consuming 115 
device, and back to the source. The main 
controlling relay thereupon operates and 
opens the charging circuit of the first 
mentioned condenser, and closes a dis- 
charging circuit through the winding of 120 
the engine starting relay. The engine 
starting relay closes its contacts thereby 
energising the engine starting, solenoid. 
The capacity of the condenser and the 
impedance of the engine starting relay 125 
together determines the duration of time 
that the engine starting solenoid Bhall be 
energised. 

When the engine has been started and 
the alternator is being driven, current 130 
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flows from the alternator through the 
winding of the -contactor device so that the 
contactor device operates and operates its 
contacts. Certain of these contacts con- 
5 nect the alternator to the load circuit (in 
series with which it will be recalled, there 
is connected a pre-saturated choke), whilst 
other of. the contacts of the contactor 
receiver open tbe circuit from the source 

10 of direct current to the load circuit, and 
close, a charging circuit through the second 
resistor to the second condenser. The dis- 
connection of the source of direct current 
from the load circuit deprives the main 

15 control relay of current from this source : 
this relay however, receives current dueio 
the drop of potential across the pre-satur- 
ated choke so that, as long as the alter- 
nator is supplying current to the load, the 

20 main control relay remains operated,, the 
holding circuit remaining substantially 
constant irrespectively oi the load current. 
.. "When . all current-consuming devices 
have been switched out, and consequently 

25 no current is flowing in the load circuit, 
the main controlling- relay deenergises, 
and prepares a discharge circuit for the 
second condenser in series with the engine 
stopping relay. However, this second con- 

30 denser does not discharge through the 
winding of the engine stopping relay until 
the speed of the alternator falls so low that 
lie contactor receives, insufficient current 
. to maintain it operated. Until the con- 

35 tactor deenergises the second condenser 
remains connected across the Bource of 
direct current so . that it is continually 
under charging conditions, and the con- 
tactor maintains a circuit for the engine 

40. stopping relay so that the engine stopping 
. relay is in fact energised from the source 
of direct current. When the speed of. the 
alternator falls so low that, the contactor 
winding is deenergised, the second con- 

45 tactor is disconnected from - the direct 
current source and is thus able to dis- 
charge through the engine stopping relay. 



The total time of energisation of the 
engine stopping, relay is thus the sum of 
the time that the contactor solenoid 50 
remains energised and the time that the 
second condenser takes to discharge. Thus 
the engine stopping' relay is not directly 
dependent on the charge in the second con- 
denser for energisation, since the main 55 
contactor device remains closed for a con- 
siderable part of the running-down time 
of the engine and therefore the engine 
stopping relay is directly operated from 
the source of direct current, the second 60 
condenser having only a much shorter 
remaining time to hold the engine stop- 
ping relay energised. This arrangement 
has an important advantage, iou that the 
size of the second condenser is brought 65 
within, practicable limits in spite of the 
considerable time reguired (especially 
in the case of diesel engines) for the engine 
speed to become too low for the engine to 
restart. It has also another important 70 
advantage which, so far as we are aware, 
cannot oe obtained in any other way, m 
vk. : It may be that within a few seconds 
of all load being switched off, the same or 
another cons umin g device is required to 75 
be switched on. By any other method than 
that described above, the full cycle of 
stopping operations would have to take 
place so that the engine could not start up 
again till the full shut-off period had 80 
elapsed. By our method of operation the 
shut-off relay is disconnected by a contact 
of the main controlling relay, immedi- 
ately a consuming device is switched on 
again, and the engine, starting relay is 85 
prevented from functioning by virtue of 
the first condenser having been short cir- 
cuited by contacts on the engine stopping 
relay. The engine thus starts again imme- 
diately by its own momentum. 90 

nAP.P WATOT ,S & KANSFORD, 
Agents for Applicants, 

' 24, Southampton Buildings^ 
London, W.C.2. 
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